Different testing methods were used in previous studies to measure the direct tensile strength of concrete. However, these methods experienced several major deficiencies such as stress concentration at the end of the specimens because of inadequate gripping and loading eccentricity and nonuniform fracture plane because of difficulties in aligning and centering the specimens during testing. This study presents the details of a new method of testing concrete under uniaxial tension. The method was developed to overcome the difficulties associated with testing methods adopted in the previous research studies. A full description of the wooden molds used in casting the specimens and the loading arrangements including the end grips, universal joints, and frame in which the specimens were tested under uniaxial tension are presented. As expected, all the tested specimens were fractured at the middle where the cross-sectional area was reduced by 20 %. Also, no crushing failure or slippage was observed at the ends of the tested specimens. 
Introduction

38
Tensile strength is one of the critical properties of concrete, because it influences the 39 cracking, bonding and shear behaviors of reinforced concrete members. Many research 40 studies attempted to use direct tensile, indirect tensile (splitting tensile) and flexural testing 41 methods to investigate the properties of concrete under tension. However, it was reported that 42 the direct tensile testing method provides more reliable and rational uniaxial tensile strength 43 of concrete compared to the splitting tensile and flexural testing methods [1, 2] .
45
The correlations between the direct tensile strength and the compressive, flexural and 46 splitting tensile strength were investigated in several research studies. Wee et al. [3] carried out an experimental study to investigate the tensile strength of concrete. It was found that the 48 tensile strength of the concrete was about 5.5-8.5% of the compressive strength of concrete. It 49 was also found that the tensile strength of concrete obtained from the direct tensile testing 50 was two-thirds of the flexural strength of the concrete. Swaddiwudhipong et al. [1] including non-uniform fracture plane, stress concentration and slippage at the end of the 75 specimens and flexural loads due to the imperfect alignment of the specimen during testing.
76
As a result of the aforementioned problems associated with direct tensile testing methods, the 77 tensile strength of the concrete has been mainly measured using the splitting tensile testing 78 method and flexural testing method.
79
In this study, a new direct tensile testing method was designed, based on the embedded bar 4. The strain-measurement system has to be steady during the test; and 87 5. The cost of preparing the specimens should not be high.
89
The feasibility of using the developed method in testing concrete samples under uniaxial 
Formwork and Embedded Threaded Rod
98
Molds of 100 mm 100 mm in cross-section and 500 mm in length made from non-99 absorbing wood were used as formwork for the tested specimens (Fig. 1) . The cross-section of each specimen was reduced at the middle to 80 mm 100 mm in order to induce the 101 failure to occur in the middle of the tested specimen. The reduced cross-section at the middle 102 of each specimen was achieved by gluing two timber prisms vertically at the middle of the inner faces of the 100 500 mm (long) sides of the wooden molds. The timber prisms were 104 100 mm long having a triangular cross-section with a base of 20 mm and a height of 10 mm 105 (Fig. 1) . formwork with the embedded threaded steel rods of the tested specimens is shown in Fig. 2 .
Universal Joints
126
The tested specimens were mounted to the testing machine using a couple of reusable holes using a ∅16 mm steel pin (Fig. 3) . For each universal joint, the threaded rod end of the 138 clevis was screwed onto the threaded steel rod embedded in the end of the specimen using a 139 ∅20 mm to ∅16 mm reduced nut. In order to avoid any loose connection in the reduced nut, a 140 locked nut was used to hold the reduced nut firm during the test. The universal joints were 141 used to avoid any bending moments that might be experienced by the specimens during 142 testing as a result of an eccentricity in the applied load. This is because the universal joints 143 allowed movement at both ends of each tested specimen (Fig. 4) , which ensured a perfect 144 alignment for the specimen between the jaws of the Instron testing machine. Moreover, the 145 universal joints overcame any defects in misalignment of the threaded steel rods that might 146 occur during the casting of the specimen.
Concrete is considered a sensitive material to the applied strain rate. company. The mix proportions of the NSC, HSC and SCC mixes are presented in Table 1 .
185
The SFHSC was prepared using a small lab concrete mixer having the maximum volume threaded steel rods of the tested specimen. Afterwards, the specimens were mounted to the 214 Instron testing machine. During the tests, a strap was used to slightly hold the lower part of 215 tested specimens in order to avoid any sudden fall of any part of the specimen during the 216 fracture of the specimen (Fig. 5 ). Fig. 6 shows a typical testing setup of the tested specimens.
218
Results and discussion
219
Failure modes 220 All the tested specimens fractured once the specimens reached their maximum tensile confirming that proper alignment was provided by the universal joints.
232
Stress-strain behavior of tested specimens
233
In this study, the axial tensile stress for the tested specimens was determined from dividing reasonably capture the post-cracking stress-strain behavior of the concrete. Figure 9 shows the stress-strain behavior of the tested specimens under uniaxial tension. All
The average direct tensile strength of the NSC specimen was equal to 90% of the splitting The previous testing procedures for concrete under uniaxial tension were complicated.
303
Besides, a considerable number of the experimental data reported in some previous research 304 studies for the direct tensile strength of concrete were found to be unreliable due to the 305 technical complicacies related to the testing procedure. However, the direct tensile testing 4. The average direct tensile strengths of the tested specimens were found to be less than the 319 average flexural strength and splitting tensile strength. 
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